Multiple comorbidities, especially musculoskeletal dysfunction and cerebrovascular disease, remain barriers to normal social participation among persons with hemophilia (PWH). However, the relative health effects of such comorbidities on workers with hemophilia have seldom been explored. In this study, we investigated the incidence of comorbidities and their risk factors among workers with hemophilia.
Introduction
Hemophilia is a rare hereditary bleeding disorder resulting from the absence or deficiency of coagulation factors and is characterized by increased bleeding into joints and muscles. [1, 2] Repeated bleeding into joints may result in physical disability owing to hemophilic arthritis and thus restrict social participation among persons with hemophilia (PWH). [3] Since the introduction of clotting factor concentrates (CFCs), regular prophylaxis and more comprehensive care, the life expectancy, and quality of life of PWH have increased significantly. [4, 5] However, social participation and employment in particular remain relatively difficult for PWH. Patients with severe hemophilia participate less in full-time work compared with the general population. Also, occupational disability is more often reported by PWH. [6] Several studies evaluated the quality of life of PWH [7] [8] [9] [10] and most of these studies used a structured questionnaire to measure clinical outcome. However, the health effects, including major comorbidities in employed PWH, were seldom explored using longitudinal data. The National Health Insurance Research Database (NHIRD) in Taiwan, which was established in 1995, contains the medical records of 99.6% of the total population, which was approximately 23 million in 2009. The National Health Insurance (NHI) program in Taiwan is a unique health care system, which offers unrestricted access to any healthcare provider of the patient's choice. Owing to the unique single-payer system of Taiwan's NHI, the NHIRD is a powerful resource for conducting a national epidemiological investigation. All PWH in Taiwan receive good care, including free treatment with CFC covered by national health insurance if they were registered as having a catastrophic illness. There are >40 medical facilities providing outpatient clinic in Taiwan. The prevalence, incidence, factors usage, and mortality of PWH in Taiwan were discussed in previous studies. [11, 12] In this study, we investigated the effect of employment on the health status of PWH compared with a matched general population.
Material and methods

Data sources
In this longitudinal population-based study, a catastrophic illness is defined as a severe illness requiring advanced health care. Patients certified with a catastrophic illness, including hemophilia, are exempt from paying NHI contributions and can be easily identified using the Registry of Catastrophic Illness Patient Database (RCIPD).
Each newly diagnosed patient of hemophilia A or hemophilia B must be certified by physicians, and PWH who registered as having a catastrophic illness in the NHI received free treatment with CFC, which was covered by insurance. Thus, the data of hemophilia patients in the catastrophic database were considered to be strongly representative of the national hemophiliac population. In this study, the retrieved data were verified by linking the encrypted personal identification number with the patient's catastrophic illness certificate.
In cooperation with the Bureau of National Health Insurance (BNHI), the National Health Research Institutes of Taiwan maintains the Longitudinal Health Insurance Database (LHID), a representative database of 1,000,000 subjects who were randomly sampled from the 2005 registry of all NHI enrollees using a systematic sampling method for research purposes. There were no statistically significant differences in age, sex, or healthcare costs between the sample group and all enrollees. These databases have previously been used for epidemiological research, and the information provided regarding prescription use, diagnoses, and hospitalizations is of high quality. [13] [14] [15] The accuracy of diagnosis of major diseases in the NHIRD, such as stroke and acute coronary syndrome, has been validated. [16] [17] [18] All patients' records/information were anonymized and deidentified before analysis. Institutional Review Board of the Taichung Veterans General Hospital (TCVGH-IRB) Taiwan had approved this study.
Identification of study cohort
All male patients older than 16 years with hemophilia A and B were identified by the International Classification of Diseases Ninth Revision (ICD-9) codes 286.0 and 286.1 from the registration files and original claims data of the RCIPD between January 1, 1997 and December 31, 2010. The NHIRD patient files included an encrypted personal identification number, date of birth, date of enrollment, medical claims, work status, and work category. For comparisons with PWH with work history in 1997, a representative sample of the general male population without hemophilia between 1997 and 2010 and with a work history in 1997 was retrieved from the LHID 2005, matched for sex and month of birth with a ratio of 1:4. [19] Figure 1 showed the sampling process.
Outcome measurement
We further compared the incidence of newly diagnosed important comorbidities between employed PWH and the matched general population during the period January 1, 1998 to December 31, 2010. To avoid the possibility of reverse causality, any case with target comorbidities diagnosed before December 31, 1997 was washed out from the analysis. To select potential patients in this cohort, new cases with any target comorbidities (including hepatitis B virus infection, hepatitis C virus infection, chronic liver disease and cirrhosis, drug-induced liver injury, non-alcoholic fatty liver disease, acquired immune deficiency syndrome, hemorrhagic stroke, cerebral infarction, peripheral artery occlusive disease, deep vein thrombosis, arterial embolism and thrombosis, hypertension, hyperlipidemia, heart failure, chronic obstructive pulmonary disease, osteoporosis, arthritis and arthropathy, other disorder of joints, epistaxis, hematuria, depression, anxiety, and bipolar disorder) were identified for at least 1 time in the admission files as well as cases with diagnosis ≥3 times in 1 year of outpatient files between January 1, 1998, and December 31, 2010, and the date of the first diagnosis of each comorbidity was used as the index date. These stringent criteria enabled the researchers to confirm the diagnosis. The diagnosis of comorbidities was defined using ICD-9 codes, and described in Supplement 1, http://links.lww.com/MD/C101.
Statistical analysis
Cox proportional hazards regression model was used to estimate the relationship between each comorbidity and employment among all hemophiliacs, and between each comorbidity and hemophilia in the employed PWH group and general population. These patients were followed up from January 1, 1998. Followup ended on the incident date of target disease, the date of death, the date of withdrawal from the registry, or December 31, 2010 .
The relationships between each job category and comorbidities were also evaluated. The hazard ratio (HR) for each comorbidity development was calculated in the employed hemophilic patients compared with the unemployed hemophilic patients, and in hemophilic patients compared with non-hemophiliacs. Accompanying 95% confidence intervals (CIs) were also calculated. A 2-tailed P value of 0.05 was considered significant. Study size was calculated under the condition of alpha = 0.05, beta = 0.2, effect size = 2.0, and calculated sample size was 148 by software G power (version 3.1.9.2). Since multiple confounding factors could alter the results, [3, 20] we also analyzed the hazard ratios of comorbidities and risk factors for important comorbidities, such as hemorrhagic stroke and arthritis/arthropathy between the hemophilic patients and the general matched population using a multivariate Cox proportional hazards regression model. Furthermore, the relationships between different job categories and cumulative incidence of comorbidities were examined. Besides, because sample sized for some comorbidities was small, we also examined the results by Fisher exact test. All statistical Chu et al. Medicine (2018) 
Medicine analyses were conducted using SAS software (version 9.2; SAS Institute Inc., Cary, NC).
Results
A total of 570 patients with hemophilia A and hemophilia B were eligible for inclusion in this analysis. Among them, 411 patients had a history of employment in 1997. After matching, there were 400 employed PWH and 1600 individuals without coagulation disorders.
Demographics
The age distribution of 570 PWH is presented in Table 1 . All PWH were male. In the year of study entry, most of the patients (57.89%) were aged 20 to 40 years. Most (80.7%) PWH lived in modern cities of Taiwan. Most PWH (36.8%) had an income of 15841 to 25000 NT dollars a month. Among the 411 employed PWH, most of the patients (64.48%) were aged 20 to 40 years. Furthermore, 79.3% of the employed PWH lived in a modern city, and more than half of the employed PWH (51.1%) received an income of 15841 to 25000 NT dollars a month. There were few unemployed PWH who still had income because in some cases, government would provide a minimal insured amount for those unemployed population as social welfare. For types of hemophilia, there were 482 type A hemophiliacs and 88 type B hemophiliacs.
Clinical characteristics of 570 patients with hemophilia
In total, 4.7%, 20.5%, and 4.2% of PWH had hepatitis B virus (HBV), hepatitis C virus (HCV), and human immunodeficiency virus (HIV) infection, respectively. Approximately 85% of the hemophilia patients received CFC (Table 1) . A total of 64 (11.2%) patients received bypassing agents during the study period. According to regulations from BNHI, bypassing agents can only be reimbursed for hemophiliac patients with inhibitors. Thus, we can assume that all 64 patients who received bypassing agents had inhibitors. It is hard to identify who received immune tolerance induction (ITI) from our database, but most of the physicians in Taiwan would try ITI before using bypassing agents.
Incidence of major comorbidities and its risk factors in 411 employed PWH and 159 unemployed PWH
The proportions of persons with hemorrhagic stroke, disorders of joints, osteoporosis, depression, and knee/hip replacement were all nonsignificantly different between employed and unemployed PWH during the follow-up period (Table 2) . Compared with PWH nonworkers, PWH workers were more often diagnosed with arthritis/arthropathy after adjusting age, use of bypassing agents, use of CFC, other disorders of joints, diabetes, chronic obstructive pulmonary disease (COPD), nonalcoholic fatty liver disease (NAFLD) (HR:1.41, 95% CI 1.02-1.94).
Incidence of major comorbidities and its risk factors in 400 employed PWH and 1600 employed persons in the general population
Compared to the general population ( 
Relationships between different job categories and major comorbidities in the employed PWH group
Hemorrhagic stroke and arthritis/arthropathy were the main comorbidities that developed in the employed PWH group. To determine the risk of these main comorbidities among the different types of employment in PWH, we also analyzed job categories (Table 4) . Using Cox proportional regression model, self-employed workers, fishermen, farmers, and workers with low-income jobs were found to be at greater risk for hemorrhagic stroke, compared to teachers. Fishermen, farmers, and workers with low-income jobs showed a significantly greater risk of developing arthritis/arthropathy, compared to teachers.
Discussion
This is the first study to explore the health consequences among employed PWH using a longitudinal study design. Our main findings were: compared to the unemployed PWH group, the employed PWH group did not have a greater risk of hemorrhagic stroke or hematogenous infection; however, a greater incidence of joint problems related to work status was found among PWH; compared to the employed general population, the employed PWH group was diagnosed with hemorrhagic stroke, arthritis/ arthropathy and hip/knee replacement more frequently during the follow-up period; compared with employees with a light workload, those with a heavy workload carried a greater risk for hemorrhagic stroke and arthritis/arthropathy. 
Hemophilia and employment
Since the 1970s, few studies have explored the health and socioeconomic status of PWH. A study conducted in London reported that the incidence of unemployment among PWH varied from 18% to 35%, compared with the national unemployment rate of around 7%. [21, 22] After the introduction of treatment with CFC, the unemployment rate among PWH dropped significantly, but the disease itself still had a moderate to severe physical and psychological impact on hemophiliacs. [23] [24] [25] [26] Our findings showed that compared with the unemployed PWH group, the employed PWH group had more joint problems, meaning employment results in increased risk of developing joint disease among PWH, especially for PWH with moderate and severe symptoms, who use CFC and bypassing agents. Therefore, for workers with moderate or severe hemophilia, employers should take the effect of the employees' work, particularly with regard to job type and working hours, into consideration.
Hemorrhagic stroke in the employed PWH group compared with the employed general population group
Hemorrhagic stroke is the most serious type of bleeding in the PWH population. There was a 4.5 times greater risk of developing hemorrhagic stroke in the employed PWH group than the general population. Witmer et al reported a mortality rate of 19% if intracranial hemorrhage (ICH) occurs among PWH. [27] The most significant risk factors for ICH included the presence of an inhibitor, prior ICH, severity of hemophilia, and reported head trauma, while prescribed prophylaxis conferred a protective effect against ICH in patients with uncomplicated severe disease. Stieltjes et al [28] found that prognostic factors for death after ICH among PWH were thrombocytopenia, HCV infection, intraventricular, or intraparenchymatous hemorrhage. In our study, the employed PWH group had a greater incidence of hemorrhagic stroke during the follow-up period, whereas hypertension was an independent risk factor. Thus, hemophiliacs under employment should be monitored regularly, especially those with previous history of ICH or hypertension. For workers with a specific job, Hayashi et al [29] found that the 24-hour average blood pressure of overtime workers was higher than that of the control groups. Furthermore, Uchiyama et al [30] indicated that active jobs and high stress jobs were associated with increased risk of cardiovascular events for treated hypertensive workers. Our analysis of occupations revealed that PWH with low socioeconomic status, or with a job requiring a considerable amount of manual labor, such as fishermen or farmers, are at Table 4 Cox proportional hazard ratios of hemorrhagic stroke and joint disease among employed persons with hemophilia based on types of occupation.
Arthritis/ arthropathy
Hemorrhagic stroke Cox proportional hazard ratio of major comorbidities among 400 employed persons with hemophilia and 1600 age-, sex-, and employment-matched persons in the general population.
Hemophilia workers
Non <.0001 AIDS = acquired immune deficiency syndrome CI = confidence interval, HR = hazard ratio, PAOD = peripheral arterial occlusion disease. * Adjusted for hypertension, coronary artery disease, hyperlipidemia, diabetes, atrial fibrillation, chronic obstructive pulmonary disease, non-alcoholic fatty liver disease, PAOD. † Adjusted for diabetes, arthritis/arthropathy, other disorders of joints, chronic obstructive pulmonary disease, non-alcoholic fatty liver disease. ‡ Adjusted for diabetes, other disorders of joints, osteoporosis, hip and knee replacement, chronic obstructive pulmonary disease, non-alcoholic fatty liver disease.
x Adjusted for diabetes, arthritis/arthropathy, other disorders of joints, osteoporosis, chronic obstructive pulmonary disease, non-alcoholic fatty liver disease.
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Joint problems and hip/knee replacement
Bleeding may occur internally into the joints or muscles among PWH, which may cause joint destruction and eventually result in hip/knee replacement without proper treatment. Our results indicate that employed PWH had a greater risk of developing joint problems, and its risk factor including hemophilia status, disorder of joints, diabetes, hip/knee replacement, osteoporosis, COPD, and NAFLD. Thus, risk group identification, anticipating drug use, early recognition of hemarthrosis signs, appropriate fitness for work, and proper treatment after diagnosis, may allow hemophiliacs to avoid joint problems and thus be provided the opportunity to successfully participate in the workforce.
Prophylaxis with CFC and joint disease
As for prophylaxis with CFC and joint disease, it is hard to evaluate whether the treatment is for prophylaxis or for ondemand treatment in a large administrative database such as NHIRD. From the Malmo protocol and Utrecht protocol, the prophylaxis dose for hemophilia A is 15 to 40 IU/kg, thrice a week. [31] However, how it is done varies both from country to country. In Taiwan, few adults have prophylaxis, although their average dose is around 500 IU per week, equal to around 104,000 IU per year. Thus, we ran the analysis by assuming PWH who ever used 104,000-110,000 IU in a year during our follow-up period as PWH with prophylaxis treatment. Then we analyzed the relationship between major comorbidities, including hemorrhagic stroke, arthritis/arthropathy, and knee/hip replacement and PWH with/without prophylaxis by using Cox proportional hazards regression model. We also excluded PWH ever using bypassing agents from the analysis because they were indeed expected to have more severe complications related to bleeding. After excluding 29 PWH ever using bypassing agents, there were 371 PWH into the analysis. The result showed in Supplement Table 1 , http://links.lww.com/MD/C101. There was no significant difference between incidence of all 3 major comorbidities and PWH with/without prophylaxis. However, we can see a trend that prophylaxis has the effect of preventing comorbidities in PWH. There could be lots of causes for the insignificance, and one of them may be the small sample size with small power. Since the introduction of NHI in Taiwan in 1995, more and more adults started prophylaxis with CFC. There is a greater chance that prophylaxis treatment shows its real effect in future study.
Strengths
There were several strengths in this study. First, this study was a large, population-based, prospective cohort study, which enrolled 570 patients with hemophilia A, who were followed up for a relatively long period, from 1998 to 2010. Second, previous studies generally used validated questionnaires for evaluating outcome. Our study used a national health database for determining outcomes, and thus a much more objective assessment of the outcome definition could be obtained. Third, our subjects were age-, sex-, and employment status-matched with the general population, which further improved the quality of the data and analyses in this investigation.
Limitations
This study also had several limitations. First, we used employment status in 1997 to define whether a PWH belongs to the employed or unemployed group. However, employment status was regarded as unchanged during the follow-up period. Participants who were considered employed could have lost their job during the study period; likewise, unemployed subjects may have found employment during follow-up. However, the effect was likely bidirectional and this would have diminished any potential bias to some extent. We also did the subgroup analysis between unemployed PWH and unemployed general population, trying to have more understanding of the effect of hemophilia itself to our target comorbidities, and described in Supplement Table 2 , http://links.lww.com/MD/C101. Second, the conclusion was made by analyzing data from Taiwan's NHIRD, which does not include potential confounding variables, such as smoking or body mass index (BMI). Usually, BMI (kilograms per square meters) is used as an acceptable surrogate index for defining obesity based on the WHO's recommendation. However, it has become apparent that the distribution of body fat has a more important role in obesity-associated comorbidities than the total fat mass. One study conducted in Korean showed that NAFLD was not only associated with obesity, but was also found to be a meaningful predictor of metabolic diseases in the non-obese population. [32, 33] Furthermore, the relationship between smoking and COPD has been established. [34] Thus, we used surrogate indicators for the multivariate analysis, such as COPD for smoking, and NAFLD for obesity, with a view to mitigate any possible bias. Third, since the NHIRD was established in 1995, we hardly realized the intensity of replacement therapy with CFC among PWH during their childhood and adolescence. However, we did the subgroup analysis between PWH with prophylaxis and without prophylaxis, trying to understand the effect of CFC prophylaxis to our target comorbidities. Besides, since April 1, 2014, BNHI approved the reimbursement of prophylaxis with CFC for severe patients with hemophilia. We believed that PWH with CFC prophylaxis during childhood and adolescence would prevent future comorbidities. Fourth, it is also hard to evaluate the cause of each hemorrhagic stroke with their circumstances from a large administrative database. However, from our current data, after matching for age and working status with general population, there is still an increased risk of hemorrhagic stroke among PWH working group. Further study needs to focus on the mechanism of hemorrhagic stroke of PWH working group. Fifth, as we classified job category according to each participant's job in 1997, there is possibility of job change during our cohort period, and that could cause classification error. However, we additionally analyzed job status each year during study period among all 570 PWH. The result demonstrated that most PWH holding their jobs stably. And last, we used our data from 1997to 2010, and not to extend the inclusion period further, because we did a background analysis comprised data from 1997 to 2013, which resulted in even less eligible participants. That was because we can only access database from BNHI; thus, there will be slightly difference between 2010 database and 2013 database because the insured population are different each year.
Conclusions
This population-based longitudinal cohort study showed: the employed PWH group had more joint problems compared to the unemployed PWH group; the employed PWH group had a greater possibility of developing hemorrhagic stroke and joint Chu et al. Medicine (2018) 
Medicine problems, compared with the general population; occupations with low income and much labour, as well as fishermen and farmers, were associated with high risk of developing undesired comorbidities. Fitness for work and regular medical surveillance of PWH by practitioners of occupational medicine and employers are strongly recommended. Policymakers should give consideration to PWH with respect to equal job opportunities and employment rights. [35] Finally, further investigation should focus on: analyzing whether patients had inhibitors would be a risk factors for future comorbidities; whether there are different outcomes between PWH receiving episodic treatment versus prophylaxis treatment, or the influence of the intensity of prophylaxis regimen; to elucidate the relationships between comorbidities and specific occupations to improve the health status and quality of life of PWH in the workforce.
